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ferous epithelial cycle, in a fashion analogous to how
Hox genes establish body segmentation during embry-
ogenesis. However, it remains to be seen whether the
colinearity of Rhox gene expression can be extended
to consecutive spermatogenic stages in adult animals
and whether it is under the control of a unique Sertoli
cell-specific enhancer. Rhox transcription factors could
control the expression of proteins necessary for the dif-
ferentiation of defined subsets of male germ cells that
are in contact at given times with Sertoli cells. This may
be of particular interest considering the significant dif-
ferences in the organization of spermatogenesis be-
tween humans and mice and the fact that the human
complement seems limited to only two RHOX genes.
A number of important issues remain to be investi-
gated concerning the role of the Rhox gene cluster.
Since the Rhox gene cluster is also highly expressed in
ovary, it remains to be explored what role Rhox genes
exert in female gametogenesis. Further, given that the
expression of genes in the Rhox cluster is strikingly
high in the placenta, it will also be of interest to deter-
mine the importance of Rhox transcription factors in
the development of this unique tissue. One of the most
pressing questions lies in the mechanism by which
Rhox proteins can regulate fertility. Tantalizing is the
observation made by the authors: they point out that
the four key homeodomain residues that make base-
specific contacts with DNA are highly variable in dif-
ferent Rhox proteins; also, they tend to differ from the
amino acids found at these positions in other homeo-
domain proteins. This may indicate a unique DNA se-
quence binding specificity of Rhox proteins and/or the
ability to bind an exclusive set of targets. These repre-
sent exciting avenues to pursue in future studies. The
discovery of the novel Rhox homeobox gene cluster
constitutes an exciting development that will undoubt-
edly provide important insight into the mechanisms
regulating male and female fertility.
Kevin N. Hogeveen and Paolo Sassone-Corsi
Institut de Génétique et de Biologie Moléculaire
et Cellulaire
Illkirch-Strasbourg, 67404
FranceRegeneration and
Transdetermination:
New Tricks from Old Cells
In this issue of Cell, Sustar and Schubiger (2005) ad-
dress a longstanding question in regeneration biol-
ogy: How is pluripotency achieved during regenera-
tion? The authors have examined the cell cycle and
growth characteristics of multipotent regenerating
and transdetermining Drosophila cells and come up
with some surprising findings.
It is generally thought that regenerating cells regress
from a mature, committed state of fate determination
to an embryonic-like—or at least “younger”—state,
thereby increasing their developmental potential and
permitting the propagation of multiple cell fates. Sustar
and Schubiger challenge this view by demonstrating in
a series of very elegant experiments in Drosophila leg
imaginal discs that regenerating cells that have lost
their original fate exist in a novel, stem cell-like state,
neither embryonic nor mature.
Imaginal discs are small groups of epithelial cells that
proliferate during larval development, increasing their
cell number nearly a thousand-fold. Although their dif-
ferentiation into adult structures is deferred until the
pupal stage of development, early on disc cells acquire
a state of determination that permanently secures their
identity as, for example, wing or leg. “Wingness” or
“legness” is specified and maintained by the particular
constellation of selector genes expressed in the cells.
After this initial determination, disc identity is further
elaborated, giving rise to specific cell fates such as
wing blade and hinge, or femur, tibia, and tarsus.
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group and others led to the discovery that after disc
fragmentation and a short period of culture, many cells
within an individual imaginal disc are capable of con-
tributing to regeneration (or duplication, which can be
considered a form of regeneration). Thus, although leg-
ness itself is fixed and stable, the subsequent leg-spe-
cific cell fates are somewhat flexibly assigned, becom-
ing locked in only during the pupal stage when they
will differentiate into adult cuticular structures. This flexi-
bility allows compensatory growth and regeneration
should the need arise during larval development and
ensures that the proper complement of cell fates is rep-
resented in the adult. Interestingly, under conditions
where extra rounds of disc cell proliferation are al-
lowed, a few of the regenerating cells can dramatically
switch their identity and take on the identity of an en-
tirely different disc—for example, leg cells take on wing
fates (Schubiger, 1971; Hadorn, 1978). This curious
phenomenon, named “transdetermination,” can occur
with relatively high frequency but is limited to cells re-
siding within a particular position, called the “weak
point,” in each disc. Upon disc fragmentation and cul-
ture, cells in the weak point form a blastema and prolif-
erate, thereby contributing to regenerative growth.
Since only the cells in the weak point are capable of
transdetermining, they appear to have special, stem
cell-like properties. At first thought to be an oddity,
transdetermination has over the years become an im-
portant model system for studying multipotency.
Transdetermination can also be induced by ectopic
expression of the Wnt family member, Wingless (Wg) in
cells of the weak point (reviewed in Maves and Schubi-
ger, 2003). Experiments have suggested that regenerat-
ing cells are stimulated to proliferate rapidly, and that
this rapid proliferation is required for transdetermina-
tion to occur, perhaps by causing the cells to revert to
an earlier, embryonic-like identity (Hadorn, 1978). How-
ever, a clear demonstration of this putative embryonic
state has been lacking, and the role of cell proliferation
in transdetermination and regenerative switching of cell
fate has remained unresolved.
In the present work, Sustar and Schubiger explore
the growth requirements of cells in the weak point, de-
vising an impressive medley of classical and modern
technologies. The authors combine disc fragmentation
with ectopic Wg expression and use clonal experi-
ments and fluorescence-activated cell sorting to sepa-
rate and analyze three distinct cell populations from leg
discs: regenerating cells, nonregenerating cells, and
cells that are undergoing transdetermination (the latter
engineered to report expression of the wing selector
gene, vestigial) (Figure 1). Their first surprise was that
contrary to the conventional view, neither regenerating
nor transdetermining cells cycled rapidly. Rather, both
of these cell populations divided at the same rate as
disc cells in the absence of any perturbation. Since im-
mature disc cells cycle faster than more mature cells,
this was the first hint that the regenerating and transde-
termining cells had not assumed a “younger” state. In
fact, the only cells that changed their rate of cell divi-
sion were in the nonregenerating population, where
cells actually stopped in their tracks in both G1 and G2Figure 1. Three Regions of Developmental Potential in Regenerat-
ing Drosophila Leg Discs
This schematic of a leg imaginal disc illustrates the three distinct
cell populations found in leg discs after induction of regeneration
by disc fragmentation or ectopic expression of Wingless. In the
dorsal (top) half of the disc, cells regenerate (R), while in the ventral
half (bottom) cells do not participate in regeneration (NR) and actu-
ally arrest proliferation. Within the “weak point” (green region), a
few of the regenerating cells will transdetermine (TD) and take on
wing fates. Each cell population's distinctive cell cycle and growth
characteristics reflect their unique developmental potential (see
Sustar and Schubiger, 2005 for details).phases. The arrest of cells that were not participating
in regeneration is fascinating and implies that a signal
is transmitted to all of the cells in the disc during regen-
eration.
The authors also found that each of the three cell
populations exhibited a quite distinct cell cycle profile,
although again, these profiles did not match any spe-
cific stage of development. While nonregenerating cells
stopped dividing, regenerating cells cycled with rela-
tively normal phasing. Interestingly, transdetermining
cells had a very short G1 and extended S and G2
phases initially, which later relaxed into a cell cycle that
was comparable to the regenerating cell population.
The initial altered cell cycle preceded activation of the
vestigial reporter in leg cells, suggesting that the unique
characteristics of this cell cycle help to define the
increase in developmental potency of the cells. Indeed,
by allowing the cells from these three different regions
to differentiate, the authors provide compelling evi-
dence that each of the cell cycles reflects a distinct
developmental potential.
The transient alteration in cell cycle phasing of trans-
determining cells may be due to an increased rate of
cell growth. Initially, transdetermining cells—and to some
extent regenerating cells—are considerably larger than
nonregenerating cells. This suggests that activation of
cell growth (i.e., cellular biosynthesis) drives the cell cy-
cle alterations. Since the authors found that artificial
stimulation of cell division in the absence of augmented
growth did not result in transdetermination, it appears
that cell proliferation alone is not sufficient for the fate
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that a critical biosynthetic threshold is required for
transdetermination to occur. Still, the authors show that
transdetermination requires more than just a generic
growth signal and suggest that Wg activity in the weak
point performs a special function, providing activation
of growth and an increase in the developmental plastic-
ity of these cells. Whether the growth activation actu-
ally causes increased plasticity is a difficult, but impor-
tant question for the future.
Is transdetermination relevant to organisms other
than flies? The answer to this question is a resounding
yes. In a recent paper, Okubo and Hogan report that
high levels of Wnt activity in mice cause embryonic
cells, already committed to lung fates, to switch to in-
testinal fates (Okubo and Hogan, 2004). Moreover,
transdetermination of the mouse lung precursors to an
intestinal lineage occurs only in a subset of cells, in a
niche that might be considered the vertebrate equiva-
lent of a “weak point.” In addition to the lung to gut
transdetermination, lineage switching and transdeter-
mination have been documented in the epidermis,
mammary gland, and prostate in response to increased
Wnt activity. Thus Wnt/Wg signaling has special prop-
erties that allow these cells to acquire an apparently
novel state, similar to “stemness.” Clearly other factors
must also play roles in giving the weak point its special
attributes, and they remain to be identified. However,
Sustar and Schubiger’s findings represent an exciting
advance of our understanding of critical events un-
derlying acquisition of pluripotency and will surely pro-
vide fuel for the growth of research into stem cell and
regeneration biology.
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